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HICO UV Proposal Objectives

- Testing and improvement of atmospheric correction models before
developed, in order to its adaptation to HICO imagery bands, considering
the adjacency effects and preventing anomalies in the spectrum line,
especially in the Red / NIR and Blue spectral zones.

- Use the HICO imagery for Mapping Chlorophyll-a and Phycocyanin (as
Cyanobacteria indicator) temporal and spatial distribution, testing several
algorithms for Phytoplanktonic pigments.

- Validation of Algorithms for estimation of Photosynthetic Pigments and
other variables.
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The UV (Univ. of Valencia) project has requested, during this period,
3 targets to work on coastal and inland water bodies:

Target #1: AlbuferalLake_SP. Valencia area. Mediterranean coast.
Center image Coordinates: Lat: 39.33° N; Lon: 0.36° W
(Albufera : coastal lake; Tous, Muela, etc. : inland waters, reservoirs)

Target #2: SP_EbroBasin. Lleida area. Eastern Ebro river basin.
Center image Coordinates: Lat: 41.856° N; Lon: 0.82° W
(Mediano, Grado, Barasona, etc. : inland waters, reservoirs)

Target #3: ESP_EbroBasin. Reinosa area. Western Ebro river basin.
Center image Coordinates: Lat: 42.5475° N; Lon: 3.2589° W
(Ebro, Urrunaga, Ullivarri, etc. : inland waters, reservoirs)
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HICO image sets Acquisition

in the UV Project activity period (20120223 — 20120831)

University of Valencia (Spain)
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2012-02-23 14:59:29 AlbuferalLake_ SP 9526

2012-02-26 13:44:41 AlbuferaLake_ SP 9558 -2.6 asc

2012-03-03 11:16:35 AlbuferaLake_ SP 9512 -147  asc

2012-03-17 12:30:36 AlbuferalLake SP 9752 -10.8  des

2012-03-20 11:15:37 AlbuferalLake SP 9782 -2.8 des

2012-03-23 10:00:20 AlbuferaLake_SP 9815 5.6 des

2012-03-26 08:44:46 AlbuferalLake SP 129 des  cancelled
2012-05-21 10:25:15 AlbuferalLake SP 7 des  cancelled
2012-05-24 09:19:06 AlbuferalLake SP HFs des cancelled
2012-05-27 08:12:30 AlbuferalLake SP 10413 123 des lockup
2012-07-25 08:51:09 AlbuferalLake SP 10952  -305 des lockup

2012-07-12 07:30:48 SP_EbroBasin 10822 156 asc [ RANRENE N
=4 B T
2012-07-13 13:04:23 SP_EbroBasin 10832 20  des [ A auagil
=
2012-07-26 07:58:07 SP_EbroBasin 10964  -184  des |
| ; W S

We have processed for the Progress Report all the image sets acquired since the beginning of
the Project till August 315t 2012.




TIF: Chek on a column name to order the results by that column.

2012-09-03 10:31:53 ESP_EbroBasin\W 11282 poor quality
2012-09-04 09:43:51 SP_EbroBasin 11297 94 asc

2012-09-07 08:54:11 SP_EbroBasin 11329 | 223 asc

2012-09-08 14:34:31 SP_EbroBasin 11343 -344  des

2012-09-11 13:44:52 AlbuferaLake SP 11381 -342  des
2012-09-1512:06:52 Albuferalake SP -26.1 des  cancelled
2012-09-17 10:30:16 SP_EbroBasin 11441 159 des

2012-09-19 10:30:40 AlbuferaLake 5SP 11465  -24 des

2012-09-20 09:41:19 ESP_EbroBasinW 11476  -06 des

2012-09-23 08:52:52 ESP_EbroBasinW 11501 -323  des

The acquisition of images and the field campaigns are continuing.
All images are being processed now and the complete results will be included
in the next Progress Report and presented in the 3" HICO Users Annual Meeting.




Albuferalake_SP 201 Albuferalake_SP 2012

HICO

RGB images

Acquired for UV project
(20120223 — 20120726)
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AlbuferaLake_SP 20120223 A AlbuferaLake_SP 20120226 A

AlbuferaLake_SP 20120226 D
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EbroBasin_SP 20120712 A i : EbroBasin_SP 20120713 D

HICO imagery
RGB images (B42, B27, B11)
corresponding to acquisitions in
the period 20120223 - 20120831
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Field work program for the sampling and observations in water bodies.
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Ground campaigns
Since the initial acquisition in February 23, the field work plan has covered with
operational constraints, the active dates selected:
Albufera: 02/23 Albufera lake
02/26 Albufera lake
03/23 Albufera lake
Ebro (E): 07/11 Calanda reservoir
07/12 Rialb
07/13 Barasona
07/14-17 Mequinenza, Oliana, Terradets

Taking data in several sampling points and measuring parameters as:
- Phytoplankton pigment composition using HPLC and other techniques.
- Phytoplankton taxonomic composition and bio-volume estimation.
- Nutrients concentration, physicochemical parameters analysis.
- Water optics: above water radiometry; in water radiometry; inherent
optical properties measurement (absorption coefficients), etc.

The ground campaigns are continuing till now with the same work program.
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Field observation Equipment
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Fecha Embalse Pto 'SD |SST Turb580 Clfa COORDENADA*Hu Cond OBS
'm mgiL NTL pgil X Y us
23/02/2012 Albufera L1 0,50 274000 25,0724 344840 729631 4356504 305 = 2002
23/02/2012 Alhufera L2 046 33,9535 26,7516 94,7043 727751 4358099 305 2000
23/02/2012 Albufera L3 045 37,0588 28,2572 959855 727941 4359055 305 @ 2002
8 | 23/02/2012 Alhufera L4 0,51 295000 27,0991 753088 727022 4356394 305 2110

00| 4|00 | | ke DD D —

10 | 23/02/2012 Albufera LA 0,95 26,6667 229879 694885 727802 4356238 30S 0507058
11| 23/02/2012 Albufera L& 0,53 25,2778 23,6248 67,1416 729122 4358988 305 | 1746

12| 26/02/2012 Albufera L1 24,2222 | 24,0881 50,6427 729631 4356504 305

13| 26/02/2012 Albufera L2 28,5000 | 271570 83,5160 727751 4358099 30S

14 | 26/02/2012 Albufera L3 31,0556 | 28,0255 84,9280 727941 4359055 305

16 | 26/02/2012 Albufera L6 25,3333 | 27,2728 70,5439 729122 4358988 308

16 | 03/03/2012 Albufera sin muestreo

7| 23103/2012 Albufera L1 0,33 50,4167 50,6660 132,5545 729765 4356590 3058 | 1645
18 | 23/03/2012 Albufera L2 0,38 44,7500 48,2340 1442528 727843 4358103 305 1792
19| 2370372012 Albufera L3 0,52 41,2500 30,8628 104,7089 727969 4359058 3058 1556
20| 23/03/2012 Albufera L4 0,43 40,7500 35,0898 116,6225 727116 4356330 305 1717
21| 23703/2012 Albufera L35 0,35 46,5833 49,4500 1454093 729186 4358743 308

22
23
A B C [u] E F G H | il K L 4] ] 0] P a
1 |Fecha Embalse Pto Prof mu TemperatuSD |2 Fo me$ST Turb400 Turb580 |Cifa NPOC-T COORDENADAS OBS
2 m lec m m omgh | NTU | ONTU | pgll  mglc X Y
Z 20-06-12 Caspe 1 200 23,6 (sup.) 4,9 13 2,6615 1,6100 1,9687 1,6679 3,5520 751303 4558457 30T
4 24-06-12 Ullivarri 1 |int. 12 21,5 (sup.) 5,9 12 £,3792 89,0487 34500 3,8130 531340 4753661 30T
& 24-06-12 1 5m 20,9 1,7315  1,9687 3,6257 3,8030
g 11-07-12 Calanda 1 |int.9m 24,9 (sup) 3,9 12 3,5769 2,2173 2,7215 14020 11,8540 734527 4532723 30T
7 11-07-12 1 2m 24,4 1,7011 1,7950 0,8328 20790
g 11-07-12 Calanda 2 |2m 3,8 12 4,0612 19138 26636 1,2208 1,7440 734944 4532160 30T
g 12-07-12 Rialb 1 jint.3m 24(sup) 2,3 32,6500 6,2273 14,3023 8,26601 2,7890 350850 4645363 31T
10 12-07-12 1 2m 23,8 9,2650 20,6717 59,7010 2,7450
11| 12-07-12 2 |2m 24 ] 3,3415 4,2849 6,2350 12,8300 351466 4646203 31T
12 | 13-07-12 Barasona 1 int. 12 m 25 (sup) 53,9 12 59286 2,3694  2,4899 1,4659 1,3550 278458 4667788 J1T
13| 13-07-12 1 2m 24,5 2,5517  1,9108 1,2433 1,4730
14 13-07-12 2 Im 25 (sup) 3,7 91,2439 2,4302 23,7794 14357 1,7880 270027 4668821 31T
15 | 17-07-12 Mequinenza 1 int.12m 271 (sup) 34 11 2,8769 28251  2,5478 50641 3,6930 271324 4583476 31T
16| 17-07-12 1 3m 25,7 2,6732 2,4335 59474 41280
17| 17-07-12 oOliana 1 lint. 10 m 23 (sup) 3 93,0077 2,9162 24,6636 8,5936 22220 350207 4662342 31T
16| 17-07-12 3m 23,6 32,7036 2,3741 9,1046 20460
13| 17-07-12 Sobrdn 1 |int.8m 25,8 (sup) 2,4 T 3,7364  3,3900) 6,0292 3,4290) 491620 4734926 30T
20 17-07-12 1 2m 25,7 4,3135 3,4742 78219 3,2110
ﬁ 17-07-12 Terradets 1 lint. 6m 20,5(sup) 1,1 3,3 134800 13,6393 19,1662 1,9739 1,2900' 325092! 4658350 31T
27| 170712 1 4m 17,2 12,5153 17,5449 1,8749 1,0930 26 5/av HICD
23| 24-07-12 Urrinaga 1 lint. 11rm 22,7 (sup) 4,99 10 4,1616 3,6480 2,6983 3,9060 528134 4756889 30T
24| 24-07-12 1 4m 20,9 2,5213 1,7950 2,706 3,9050
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A B cC I F H J

@:I Archivo Edicion “er [nsertar Formato Herramientas Datos Wentana 2

Nl SHRY SR o @ = £ 2%l 4 100 - [3) || Calio 1~ H ¥ 8 EE=EEHT € % m*
L30 -] =
A B C D E F G H | J
1 |[Header] Radiometric measurements
2 |RadSoft Version=1.1 Reflectance spectrum 20
3 |Device Type=HydroRad-1
4 |File Creation Date=g,/29,/2012 9:29:38 P
5 |Data Source=Dhalbuferahalbu_ 1202264, BIN
& |Data Source Date=3/28,/2012 12:42:02 PM
7 |Serial=HR031140
8 |Channel=a
9 |Filter Type=Naone
10 |Filter Width=0.0
11 [Filter Width Units=MNone
12 |Calibration File=C:YUsershSiberia lhDocumentsiRadSoft\HydroRadyCalibratig
13 |Channel Marme=Ed
14 |Data Type=lrradiance
15 |Units=counts
16 |Depth Offset=4304
17 |Depth Coefficient=0.00209814
123 Time Format=1899 walelenghrm
13 |Process=4
20 | Wavelengths=541
21 |Fecha: 26 de febrero de 2012
22 |Muestra Sol Sal 5ol Agua desde aire &gua desde aire Agua desde aire Aguz desde agua Aguz desde s Agua desde ¢
23 |Time 40985,5921 40965,5521 40965,5921 40985,59245 40965,59248 405985,5925 405985,59369  40965,5937 40965,5938
24 "Temperature 25,14 25,15 25,14 25,18 25,17 25,23 25,43 25,46 25,45
25 Voltage 12,01 12,01 12,01 12,01 12,01 12,01 1198 11,39 11,99
26 Depth 0,06 0,06 0,06 -0,14 -0,14 -0,15 -0,16 -0,16 -0,16
27 |BAweraged 1 1 1 1 1 1 1 1 1
28 Do 1034,7 1028,4 1030,2 10178 1024,9 10276 1011,6 1015,1 1015,1
29 |Dt 1034,5 1024,5 1029 1029,5 1043,5 1040 1031 1035 10375
30 [INtTime 37 a7 IT 343 343 254 409 403 4ana
31 330 0 0 a 0 0 0 0 0 a0
32 331 0,41018 0,39541 0,39251 0,04867 0,045369 0,038529 0,00050525 0,00018444  0,0048572
:g; 332 0,3272 0,39596 0,43136 0,042644 0,043733 0,036424 0,0055528 0,003422 0,0019532
;ggn@;ﬁ University of Valencia (Spain) 2nd HICO User’s Annual Meeting. Glasgow, UK. 10" October 2012
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HICO UV Project Achievements
1. Development of an specific Atmospheric Correction Model following the
line of previous tools developped for MERIS and CHRIS imagery.
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« ATMOSPHERIC CORRECTION ALGORITHM APPLIED TO HICO

(Illumination and solar geometry) (Atmospheric correction algorithm)

Solar geometry !
View geometry J

L1B HICO
PRODUCTS

Atmospheric characterization (AOQT, CWWV)

CLOUD MASKS ‘

‘ Atmospheric variables J

| response J Y
ution =  AOT RETRIEVAL

.

= CWV RETRIEVAL

' . .

l | REFLECTANCE
LuT - RETRIEVAL

L J

[ REFLECTAMNCES J

(Two processes in parallel)
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ATMOSPHERIC CORRECTION
ALGORITHMS

v v

HICO ATMOSPHERIC

CORRECTION QUAC
ALGORITHM
v v
STATISTICAL METHODS
INVERSION OF LUT (NOT SENSITIVE TO
SENSOR CALIBRATION)

l l
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* Reflectance obtained from QUAC is higher than the one
obtained from the atmospheric correction algorithm
» Areas selected shows diferences between both spectra




Reflectance

COMPARISON BETWEEN REFLECTANCE FROM IN SITU
MEASUREMENTS AND OBTAINED WITH QUAC

IN SITU REFLECTANCE

0.02
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(Considering the HICO spatial resolution ~100 m, the differences are acceptable)
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DIFFERENCES BETWEEN HICO RADIANCE AND SIMULATED RADIANCE WITH
MODTRAN 5.2.0.0

QUAC SPECTRA HAVE BEEN USED FOR THE GENERATION OF TOA RADIANCES

L - 1psEiocTh
TOA — &0 —
T 1l—Spg
TOA radiances TOA radiances TOA radiances
a0 T T T T T T T a0 T T T T T T T T T a0 T T T T T T T T T
B0 1 =] R
— _ BOp a _
?3_50 g E ?:_50 1
£ £ 1 & _
é émf ] é
i 30+ 1 é i 0+ g
af ar 0t .
nf 1 0 T 0}
400 déD 560 SSID ED‘D EéD I’DID I’SID 860 BéD a00 1EIIDD déD SDID Séﬂ BDID BSID 7DID 75|D 860 BSID 900 %DD déU 560 SéD 660 BéD 750 7éD 860 Eéﬂ 900
Wavelength[nm] Wavelength[nm] Wavelength[nm)]
Bare soil pixel Vegetation pixel Man made material pixel
« THESE DIFFERENCES CAN BE CAUSED BY:
[ ]

OVERESTIMATION / UNDERESTIMATION OF AEROSOL OPTICAL THICKNESS
CHANGES IN THE CONSIDERATION OF AEROSOL TYPE

NOT A VERY ACCURATE SENSOR CALIBRATION
University of Valencia (Spain)
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« TOA RADIANCES SIMULATED FOR THREE PIXELS
WITH A WIDE RANGE OF AOT VALUES

Vegetation pixel TOA radiances Albufera pixel TOA radiances

Bare soil pixel TOA radiances

: o J T Seemin ‘/\M <
%-—‘- ot %-—‘- 0t E E
00 450 &0 550W ;E\I,Dfe| esra]té thE;Um]EU 800 G50 900 40 250 &m0 SSUW;t\Ed ea;z th;;um]wau B0 80 900 400 450 500 EEDW;D\SeleE;DgthE;Dm]m B0 8D S0
* AEROSOL TYPE DOES NOT GENERATE LARGE CHANGES IN TOA RADIANCE
Differences in TOA radiances
r——— « AEROSOLS MODEL
i " 1 CONSIDERED HAVE BEEN
= RURAL AND MARITIM. Legend
g = AOT =0.06
e - AOT =0.12
“;"5 AOT =0.20
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« CALIBRATION FUNCTION HAS BEEN DEFINED AS THE RATIO BETWEEN
HICO TOA RADIANCE AND SIMULATED TOA RADIANCE

Albufera pixel calibration function

y Vegetation pixel calibration function Bare soil pixel calibration function 1
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IS NOT SO INFLUENCED BY AOT VARIATIONS IN HIGHT TOA RADIANCES
CALIBRATION FUNCTION
BUT IS INFLUENCED BY AOT VARIATIONS IN LOW TOA RADIANCES

« CALIBRATION FUNCTION HAS BEEN CALCULATED FOR 5
DIFFERENT PIXELS IN TWO HICO IMAGES.

Mean calibration functions

Mean calibration functions
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« CONCLUSIONS ABOUT ATMOSPHERIC CORRECTION

 DIFFERENT METHODS AND RESULTS FOR ATMOSPHERIC
CORRECTION OF HICO DATA HAVE BEEN PRESENTED.

« QUAC RESULTS HAVE BEEN ACCEPTED AS A FIRST ATTEMPT OF
REFLECTANCE RETRIEVAL

« REFLECTANCES OBTAINED BY QUAC ALGORITHMS HAVE BEEN
TAKEN INTO ACCOUNT FOR THE SIMULATION OF TOA RADIANCES
AND A POSTERIORI GENERATION OF RE-CALIBRATION FUNCTIONS.

« CALIBRATED FUNCTIONS HAVE BEEN OBTAINED FROM TWO HICO
IMAGES FOR VEGETATION AND SOIL PIXELS AND FOR WATER PIXELS
RESPECTIVELY
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« FUTURE WORK PLANNING

FIELD EXTRA IMAGE VICARIOUS
CAMPAIGNS ANALISYS CALIBRATION
REFLECTANCES QUAC
MESURED N Soe REFLECTANCES OTHER SATELLITE L,
L ros SIMULATED L 105 SIMULATED “FUNGTION
RADIANCES RADIANCES
CALIBRATION CALIBRATION
FUNCTION FUNCTION
I I

!

CALIBRATED FUNCTION . .
COMPARISON | extract final conclusions)

(Three work lines 1
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HICO UV Project Achievements
2. Use the HICO imagery for Mapping Chlorophyll-a and Phycocyanin
(as Cyanobacteria indicator) temporal and spatial distribution,
testing several algorithms for Phytoplankton pigments estimation.
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Previous application of pigment algorithms on MERIS and CHRIS data

Sensor MERIS

Sensor CHREIS
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CASI hyperspectral airborne sensor
(INTA flight for UV. 20110907)

[Chlorophyll-a] maps
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Thematic maps from HICO images
in the UV Project activity period (20120223 — 20120831)

Applying the algorithms of Gons, H.J. (1999) and Simis, et al. (2005,
2007), based in the ratios 709/665 nm and 709/620 nm (HICO bands 54/46
and 54/39) and considering too the backscattering for 778 nm (band 66).

In addition has applied some band ratios, as HICO bands 57/46
(726/665 nm) or some three-band model (Gitelson et al., 2011) with the HICO
bands 50, 53 and 56 (685, 700, 720 nm).

But the fit of the present reflectance bands to the sampling values
till now are not absolutely satisfactories.

We need to improve the retrievals again, when the new AC tool may
be fully completed and with more field data are considered.

Then the next slides shows some provisional thematic maps.
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Some examples of Estimation of [Chlorophyll-a], using HICO images,
in the UV Project activity period (20120223 — 20120831)
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.. \WATER REFLECTANCE SPECTRA Chl-a concentration (ug/L)

34,4840
94,7043
23-feb-2012 95,9855

M=72,85 75,3088
69,4885
67,1416
50,6427

Reflectance

Q00 450 500 550 600 650 700 750 800 850 900 26-feb-2012 83,5160
Wavelength (nm)
M=72,41 84,9280

70,5439
144,2528

HICO SENSOR IMAGERY

23-mar-2012 104,7089
n=127,75 116,6225

145,4093

M = mean value

Data from sampling
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CHLOROPHYLL-a Estimation models

GONS algorithm  HICO SENSOR IMAGERY
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GONS MODEL

AURI MODEL
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CHLOROPHYLL-a maps (ALBUFERA Lake)
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CHLOROPHYLL-a maps (TOUS reservoir)
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Conclusions
1 - The first important goal is the incorporation to the group of current Projects making remote sensing of inland
waters using imagery of sensor HICO, aboard of International Space Station, orbiting the Earth at lower altitude from
the Earth surface level (around 400 km) what other spacecraft. There are others advantages for this platform, as the
best support in case of trouble or conflict, with the more direct supervision in that cases.

2 — HICO is truly a hyperspectral sensor with continuous sampling of its spectral windows, through its 87 spectral
bands, very useful in any project studying variables related with the visible spectrum (water, vegetation, etc.).

3 — The organisation and management of the Oregon State University at Corvallis represent a good warranty to the
best profit of sensor possibilities.

4 — In the next period, before the next Annual Meeting, we will work with the data improving as possible the new tool
for HICO imagery Atmospheric Correction, as a cooperation with the scientific community involved in the HICO
Current Projects in our common interest and goals.

5 — The experience of University of Valencia, was successful in general terms and very hopeful in the order of
development of some image treatment tool and in the aspect of adaptation of algorithms for water quality parameters,
specially the related with the photosynthetic pigments and the ecological evaluation of the inland waters.

6 — This work provides a comparison between HICO, MERIS and CHRIS thematic maps of photosynthetic pigments in
order to evaluate differences in spatial and spectral resolution.

7 — We presented our Report of the year 2012 in this HICO users Annual Meeting of October 7, with the present
status, and some advances, but we need, after the meeting, to continue working, in different lines, with one deeper
analysis of data, and advancing toward the final calibration function to fit the best code for the Atmospheric
Correction. Then, after a new annual period working with HICO images and new progresses, we hope will have more
useful results and solid conclusions.

8 - We want to cooperate with other HICO users in order to share the common problems and solutions, applying the
power of the HICO sensor as imager, and rising much better possibilities for remote sensing applications in the
future.

Valencia, August 315t 2012
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“USE OF HICO DATA TO STUDY THE WATER QUALTY
OF COASTAL AND INLAND WATER BODIES”

Moreno, J., Vicente, E.*, Miracle, R.*, Peia, R., Sabater, N.,
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emails: jose.moreno@uv.es; rpenamart@yahoo.es

Thank you very much for your attention!
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